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DESCRIPTION 

RUBBER COMPOSITIONS 



TECHNICAL FILED 

The present invention relates to a conjugated-diene- 
rubber-containing rubber composition which has improved 
processability even if containing silica as a filler, and 
also has excellent hysteresis loss properties and strength 
properties. More specifically, the invention pertains to a 
novel conjugated diene polymer rubber composition available 
by adding, to a diene rubber which has acquired a specific 
structure and has improved affinity with silica by 
modifying a conjugated diene rubbery polymer having an 
active end with an epoxy polyf unctional compound, an oil, 
silica, a vulcanizing agent and a vulcanizing accelerator 
and kneading the mixture. The vulcanizate thereof is 
suitably used for applications, mainly, tires for which a 
conjugated diene polymer rubber composition has 
conventionally been used. 



BACKGROUND ART 

In recent years, there has been a strong social demand 
for reducing the amount of a C02 exhaust gas for resource 
saving, energy saving and environmental protection. In 
order to reduce the amount of a C02 gas discharged from 
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automobiles, various countermeasures such as weight 
reduction of them or use of electric energy are under 
investigation. As a common theme in automobiles, an 
improvement of fuel-cost-saving performance by improving 
the rolling resistance of a tire is regarded to be 
necessary. At the same time, automobiles are desired to 
have improved safety upon traveling. Such fuel-cost-saving 
performance and safety of automobiles are largely 
influenced by the performances of tires used therefor so 
that there is a strong demand for improving fuel-cost- 
saving performance, traveling stability and durability of 
automobile tires. Such properties of tires depend on 
various factors including structure and raw materials used 
for them. In particular, the performances of a rubber 
composition used for the tread part of a tire to be brought 
into contact with a road surface largely affects the 
properties of a tire such as fuel-cost-saving performance, 
safety and durability. Under such situations, technical 
improvements in a tire rubber composition are now 
frequently studied and proposed and some have already been 
industrialized . 

A tire tread is requested to have, for example, a 
small hysteresis loss for improving its fuel-cost-saving 
performance, have high wet skid resistance for improving 
its controlling stability and have excellent wear 
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resistance for improving its durability. However, a 
reduction in hysteresis loss and high wet skid resistance 
are not attained simultaneously, which also applies to the 
relationship between wear resistance and wet skid 
resistance. It is difficult to satisfy all the above- 
described demands for an automobile tire by improving only 
one performance and an improvement of their balance is 
important. Typical methods for improving a tire rubber 
composition is to improve raw materials to be employed. An 
improvement in the polymer structure of a raw material 
rubber such as SBR or BR or improvement in the structure or 
composition of a reinforcing filler such as carbon black or 
silica, vulcanizing agent or plasticizer has now been 
carried out. 

One of the most attractive techniques among them in 
recent years is to use silica as a reinforcing filler 
instead of conventionally employed carbon black. The 
typical technique of it is proposed, for example, in U.S. 
Patent 5,227,425 wherein the balance of a tread rubber 
composition between a fuel-cost-saving performance and wet 
skid resistance is improved by adding, to SBR of a specific 
structure, silica as a reinforcing filler and kneading the 
mixture under specified conditions. A rubber composition 
using silica as a reinforcing filler however involves some 
problems to be solved. For example, since silica has low 
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affinity with a rubber compared with the conventionally 
employed carbon black, its dispersibility in the rubber is 
not always good and this inferior dispersibility tends to 
cause insufficient wear resistance and insufficient 
strength properties. It is therefore necessary to improve 
the dispersibility of silica by kneading under particular 
temperature conditions in the presence of a silane coupling 
agent typified by bis- ( triethoxysilylpropyl ) -tetrasulf ide 
and in addition, increasing a kneading frequency. 

Under such situations, a method of modifying the end 
of a rubber with an alkoxysilyl group and silica-containing 
rubber compositions prepared thereby are proposed in JP-B- 
62-227908, JP-B-8-53513 , JP-B-8-53576 and JP-B-9-225324 
with a view to improving the dispersibility of silica in 
the rubber and reducing the amount of the silane coupling 
agent. The polymer modified by an alkoxysilyl group is 
available by reacting an active end polymer, which has been 
obtained by anionic polymerization, with a specific 
alkoxysilane compound. Such a polymer is however 
accompanied with the problems that the alkoxysilyl group of 
the resulting polymer tends to be condensed by water 
content, thereby causing a change in the viscosity of the 
polymer with the passage of time and in spite of an 
improvement in the dispersibility of silica, the resulting 
rubber composition has not always good processability owing 



- 4 - 



to an increase in its viscosity. 

A silica-containing composition using an epoxydated 
polymer is proposed in JP-B-9-118785 and JP-B-9-221429 . It 
is however accompanied with the problems that it needs a 
special epoxidation step with hydrogen peroxide or peracid 
upon obtaining a modified polymer and in addition, it has 
not always good processability. 

In JP-B-7-330959, proposed is a tire tread composition 
using SBR of a special structure, which has been obtained 
by coupling with a diglycidylamino-containing 
polyf unctional compound, with a view to improving 
processability in production steps, reducing rolling 
resistance and improving wet skid resistance. In this 
case, incorporation of carbon black in at least a 
predetermined amount is required in order to impart the 
composition with performances such as processability and 
wear resistance and to suppress radio frequency noise. It 
is further disclosed that the molecular weight distribution 
of the polymer falls within a specific range, the styrene 
content and 1,2-bond content, each within a specific range 
are preferred, and at least one unreacted glycidyl group is 
preferably contained in the molecule. 

An object of the present invention is to provide, in 
consideration of such situations, a silica-containing diene 
rubber composition which has excellent processability even 
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if a content of carbon black is small and is improved in 
both the balance between low rolling resistance and wet 
skid resistance and strength properties. 

DISCLOSURE OF THE INVENTION 

With a view to attaining the above-described object, 
the present inventors have carried out an extensive 
investigation on the molecular structure and modified 
structure of a diene polymer and a manufacturing process of 
it. As a result, it has been found that a rubbery polymer 
containing a predetermined amount of a specific modified 
component has excellent performances, leading to the 
completion of the invention. 

Described specifically, the object of the present 
invention is attained by provision of the following diene 
rubber polymer compositions and diene rubber polymer 
vulcanizates : 

1. A diene polymer rubber composition comprising: 
(A) 100 parts by weight of a raw material rubber 
comprising (A-l) a diene rubbery polymer which is a 
conjugated diene rubbery polymer or a conjugated diene- 
styrene rubbery copolymer, said diene rubbery polymer 

(1) containing a modified component in an amount 
exceeding 60 wt . % , which modified component is 
obtained by reacting an active end of the rubbery 
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polymer with a polyf unctional compound having, in its 
molecule thereof, at least two epoxy groups, 

(2) having a molecular weight distribution Mw/Mn 
of 1.05 to 3.0 f and 

(3) having a weight-average molecular weight of 
100,000 to 2,000,000; and, based on 100 parts by 
weight of the component (A) , 

(B) 1 to 100 parts by weight of a rubber extension 

oil; 

(C) 25 to 100 parts by weight of reinforcing silica; 

and 

(D) 1.0 to 20 parts by weight in total of a 
vulcanizing agent and a vulcanizing accelerator. 

2. The diene polymer rubber composition according to 
item 1 above, wherein the polyf unctional compound further 
has at least one nitrogen-containing group. 

3. The diene polymer rubber composition according to 
item 1 above, wherein the polyf unctional compound is 
represented by the following formula: 




n 




wherein R 1 and R 2 each independently represents a Ci_ 10 
hydrocarbon group or a Ci-io hydrocarbon group having at 
least one group selected from ethers and tertiary amines, 
R 3 and R 4 each independently represents hydrogen, a C1-20 
hydrocarbon group or a C1-20 hydrocarbon group having at 
least one group selected from ethers and tertiary amines, 
R 5 represents a C1-20 hydrocarbon group, a C1-20 hydrocarbon 
group having at least one group selected from ethers, 
tertiary amines, epoxy, carbonyl and halogens, and n stands 
for 1 to 6. 

4 . The diene polymer rubber composition according to 
item 3 above, wherein the polyf unctional compound has, in 
its molecule thereof, at least one diglycidylamino group- 

5. The diene polymer rubber composition according to 
item 1 above, wherein the content of the modified component 
of the component (A-l) has been analyzed by chromatography. 

6. The diene polymer rubber composition according to 
item 1 above, further containing 0.1 to 20 wt.%, based on 
the weight of the component (C) , of (E) an organosilane 
coupling agent. 

7. The diene polymer rubber composition according to 
item 1 above, which further contains (F) 0.1 to 100 parts 
by weight of carbon black, the total amount of the 
components (C) and (F) being from 30 to 150 parts by 
weight . 



- 8 - 



5^2 ^gff« t£3 4® 5 



: 



8. The diene polymer rubber composition according to 
item 7 above, wherein the amount of the component (F) is 
0.1 parts by weight or greater but less than 25 parts by 
weight . 

9. The diene polymer rubber composition according to 
item 1 above, wherein the component (A-l) has a molecular 
weight distribution Mw/Mn (2) of 1.05 or greater but less 
than 2.2. 

10. The diene polymer rubber composition according to 
item 1 above, wherein the component (A) comprising 15 to 99 
wt.% of the component (A-l) and 1 to 85 wt.% of component 
(A-2) which is a vulcanizable rubbery polymer other than 
the component (A-l) . 

11. A diene polymer rubber vulcanizate obtained by: 
conducting initial kneading, at least once under the 

conditions permitting kneading discharging temperature of 
135 to 180°C, of an initial kneading component comprising: 

(A) 100 parts by weight of a raw material rubber 
comprising (A-l) a diene rubbery polymer which is a 
conjugated diene rubbery polymer or a conjugated diene- 
styrene rubbery copolymer, said diene rubbery polymer 

(1) containing a modified component in an amount 
exceeding 60 wt.%, which modified component is 
obtained by reacting an active end of the rubbery 
polymer with a polyf unctional compound having, in its 
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molecule thereof, at least two epoxy groups, 

(2) havaing a molecular weight distribution of 
Mw/Mn of 1.05 to 3.0, and 

(3) having a weight-average molecular weight of 
100,000 to 2,000,000; and, based on 100 parts by 
weight of the component (A) , 

(B) 1 to 100 parts by weight or a rubber extension 
oil; and 

(C) 25 to 100 parts by weight of reinforcing silica, 
to thereby obtain an initial kneaded mass having a rubber 
bound content after kneading of 30 to 70 wt.%; 

adding, to 100 parts by weight of the component (A) , 
(D) 1.0 to 20 parts by weight in total of a vulcanizing 
agent and a vulcanizing accelerator; and 

kneading the resulting mixture to give a kneading 
discharging temperature of 120 °C or less, thereby 
vulcanizing . 

12. The diene polymer rubber vulcanizate according to 
item 11 above, wherein the initial kneading component 
further contains at least one of 0.1 to 20 of (E) an 
organosilane coupling agent based on the weight of the 
component (C) and 0 . 1 to 100 parts by weight of (F) carbon 
black based on 100 parts by weight of the component (A) . 

13. The diene polymer rubber vulcanizate according to 
item 11 above, wherein the component (A) comprises 15 to 99 
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wt.% of the component (A-l) and (A-2) 1 to 8 5 wt . % of a 
vulcanizable rubbery polymer other than the component (A- 
1) . 

14. The diene polymer rubber vulcanizate according to 
item 12 above, wherein the amount of the component (E) is 
0-1 wt.% or greater but less than 6 wt . % based on the 
amount of the component (C) . 

15. The diene polymer rubber vulcanizate according to 
item 11 above, wherein initial kneading is carried out to 
give the below-described kneading discharging temperature 
(Td) depending on a heating loss (Mo) of the component (C) . 

1) 135 < Td < 180°C when 1% < Mo <4% 

2) (15 x Mo + 75) °C < Td < 180°C when 4% < Mo <6% and 

3) 165°C < Td < 180°C when 6% < Mo < 10%. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will hereinafter be described 
more specifically . 

For the vulcanized rubber composition of the present 
invention, a specific rubbery polymer (Component (A-l) ) is 
used as a rubbery polymer. The specific rubbery polymer 
(Component (A-l) ) of the invention is a specific conjugated 
diene rubbery polymer or conjugated diene-styrene rubbery 
copolymer and it contains, in an amount exceeding 60 wt.%, 
a modified component obtained by reacting, in an inert 
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solvent, an active-end-having conjugated diene rubbery 
polymer or conjugated diene-styrene rubbery copolymer 
available by anionic polymerization with a polyf unctional 
compound having, in the molecule thereof, at least two 
epoxy groups . 

In the present invention, preferred examples of the 
conjugated diene of the conjugated diene rubbery polymer or 
conjugated diene-styrene rubbery copolymer include 1,3- 
butadiene and isoprene. Styrene to be copolymerized is 
preferably a random copolymer. The "random copolymer" as 
used herein does not contain a component having a styrene 
chain length of 30 or greater, or if any, contains it in a 
small amount. Described specifically, preferred is a 
random copolymer having such a component in an amount of 10 
wt.% or less, preferably 5 wt . % or less based on the amount 
of the polymer as analyzed by a known method wherein the 
polymer is decomposed by the Kolfthoff's method and the 
amount of polystyrene unnecessary for methanol is analyzed; 
or a random copolymer containing a component whose styrene 
chain length is 8 or greater in an amount of 5 wt.% or less 
relative to the amount of the polymer as analyzed by a 
known method wherein the polymer is decomposed by the 
method employed for ozone decomposition and the styrene 
chain distribution is analyzed by GPC. As needed, it may 
be copolymerized with 10 wt.% or less of another 
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copolymerizable monomer . 

In this manufacturing method of the rubbery polymer, 
examples of the inert solvent include saturated 
hydrocarbons and aromatic hydrocarbons, more specifically, 
aliphatic hydrocarbons such as butane, pentane, hexane, 
pentane and heptane, alicyclic hydrocarbons such as 
cyclopentane, cyclohexane, methylcyclopentane and 
methylcyclohexane and aromatic hydrocarbons such as 
benzene, toluene and xylene and hydrocarbons as a mixture 
thereof . 

As a polymerization initiator, an anionic 
polymerization initiator is employed. Preferred are 
organic alkali metal compounds and organic alkaline earth 
metals, of which the organolithium compounds are 
particularly preferred. Examples of the organolithium 
compounds include those containing any one of organolithium 
polymerization initiator having polymerization initiating 
capacity and having a low molecular weight, organolithium 
compounds of a solubilized oligomer, those having, in one 
molecule thereof, one lithium or plural lithiums and those 
having, in the bonding manner of an organic group and 
lithium, a carbon-lithium bond, a nitrogen-lithium bond or 
a tin-lithium bond. Specific examples include 
monoorganolithium compounds such as n-butyl lithium, sec- 
butyl lithium, t-butyl lithium, n-hexyl lithium, benzyl 
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lithium, phenyl lithium and stilbene lithium; 
polyf unctional organolithium compounds such as 1,4- 
dilithiobutane, reaction product of sec-butyl lithium and 
diisopropenylbenzene, 1, 3, 5-trilithiobenzene, reaction 
product of n-butyl lithium, 1 , 3-butadiene and 
divinylbenzene, reaction product of n-butyl lithium and 
polyacetylene compound, and compounds having a nitrogen- 
lithium bond such as dimethylaminolithium, 

dihexylaminolithium and hexamethyleneiminolithium, of which 
the n-butyl lithium and se-butyl lithium are particularly 
preferred. These organolithium compounds may be used 
either singly or in combination. In the polymerization 
reaction, it is possible to add an aprotic polar compound, 
for example, an ether such as diethyl ether, diethylene 
glycol dimethyl ether, tetrahydrof uran or 2,2-bis(2- 
oxolanyl) propane, or an amine such as triethylamine or 
tetramethylethylene diamine in order to randomly 
copolymerize styrene with a conjugated diene. 

The polymerization reaction is conducted under the 
ordinarily employed conditions, for example, at a 
polymerization temperature of 20 to 150 °C and at a final 
polymer concentration ranging from 5 to 30 wt . % . The 
polymerization temperature is controlled by the feed 
temperature of a monomer or solvent, concentration of the 
monomer or cooling or heating from the outside of a 
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reactor . 

The rubbery polymer to be used in the invention must 
contain, in an amount exceeding 60 wt.%, a modified 
component available by reacting a diene polymer having an 
active end with a polyf unctional compound having, in the 
molecule thereof, at least 2 epoxy groups. 

To industrially produce such a rubbery polymer having 
a high modification ratio, it is necessary to efficiently 
prepare, prior to the modification reaction, a diene 
polymer having an active end by the well controlled method. 
An industrially available monomer or solvent usually 
contains various harmful impurities. When they react with 
the active end of the polymer during polymerization, 
thereby causing a terminating reaction or transferring 
reaction, the active end of the polymer decreases, which 
makes it difficult to produce the polymer of the present 
invention containing a modified component in an amount 
exceeding 60 wt.%. Particularly upon polymerization at a 
temperature as high as 80°C or greater, influence of 
impurities such as alkene, acetylene or water cannot be 
neglected. It is necessary to feed a polymerization 
reactor with a monomer and a solvent each containing less 
impurities and to control the polymerization temperature in 
order to produce a diene polymer having the structure as 
specified by the invention. 
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In the invention, the amount of all the impurities in 
the monomer and solvent to be fed to the polymerization 
reactor must be reduced to less than 0.40 equivalent, 
preferably 0.30 equivalent or less based on an initiator to 
be fed to the polymerization reactor. Specific examples of 
the impurities in the conjugated diene monomer include 
compounds reactive with plural moles of an organic alkali 
metal such as vinyl acetylene, 1 , 2-butadiene or butin-1, 
and compounds reactive with an equimolar amount of an 
organic alkali metal such as aldehyde; those of the 
impurities in the styrene monomer include compounds 
reactive with an equimolar amount of an organic alkali 
metal such as phenylacetylene and benzaldehyde; and those 
of the impurities common to various monomers and solvents 
include compounds reactive with 2 moles of an organic 
alkali metal such as TBC, a short stop and compounds 
reactive with an equimolar amount of an organic alkali 
metal such as water. In the invention, it is preferred to 
conduct calculation with regards to the compound to be 
reacted with plural moles of the organic alkali metal, 
supposing that the compound is reacted with two moles of 
the organic alkali metal. 

To lessen the influence of such impurities, use of a 
raw material containing impurities as less as possible is 
of course preferred, but practically, it is the common 
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practice to use a raw material containing impurities and 
remove them by the chemical engineering method such as 
distillation or adsorption. Such a method is however not 
sufficiently effective and it takes a tremendous cost to 
obtain sufficient effects. Even a trace amount of 
impurities adversely affects the present invention because 
the molecular weight is high so that as a method for 
reducing the influence of impurities more than usual, 
reaction of them, prior to feeding the polymerization 
reactor with a monomer and a solvent, with an organic metal 
compound in an amount corresponding to impurities, more 
specifically, with a polymerization catalyst, thereby 
substantially inactivating the impurities is preferred. 
Single use or combination of the above-described methods 
makes it possible to largely lower deactivation of the 
active end due to the impurities contained in the monomer 
solution to be fed to the polymerization reactor, thereby 
conducting modification reaction at an industrially 
advantageous efficiency at a temperature exceeding 80 °C, 
preferably 120°C or less. 

As the modifier to be used for obtaining the polymer 
of the invention containing the modified component, a 
polyf unctional compound having, in the molecule thereof, at 
least two epoxy groups is employed. Any polyf unctional 
compound having, in the molecule thereof, at least two 
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epoxy groups is usable. Specific examples include 
polyglycidyl ethers of a polyhydric alcohol such as 



ethylene glycol diglycidyl ether and glycerin triglycidyl 
ether, polyglycidyl ethers of an aromatic compound having 
at least two phenol groups such as diglycidylated bisphenol 
A, polyepoxy compounds such as 1 , 4-diglycidylbenzene, 
1, 3, 5-triglycidylbenzene and polyetpoxylated liquid 
polybutadiene, epoxy-containing tertiary amines such as 
4 , 4 ' -diglycidyl-diphenylmethylamine and 4 , 4 ' -diglycidyl- 
dibenzylmethylamine, and diglycidylamino compounds such as 
diglycidyl aniline, diglycidyl orthotoluidine , 
tetraglycidyl methaxylenediamine , tetraglycidyl-p- 
phenylenediamine, diglycidyl aminomethylcyclohexane and 
tetraglycidyl-1, 3-bisaminomethylcyclohexane . Preferred are 
the polyf unctional compounds having, in the molecule 
thereof, at least two epoxy groups and at least one 
nitrogen-containing group. More preferred are the 
polyf unctional compounds of the following formula: 



wherein, R 1 and R 2 each independently represents a Ci-io 




2 



n 
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hydrocarbon group or a Ci-io hydrocarbon group having an 
ether or a tertiary amine, R 3 and R 4 each independently 
represents hydrogen, a Ci_ 2 o hydrocarbon group or a C1-20 
hydrocarbon group having an ether or tertiary amine, R 5 
represents a C1-20 hydrocarbon group or a C1-20 hydrocarbon 
group having at least one group selected from ethers, 
tertiary amines, epoxy, carbonyl and halogens, and n stands 
for 1 to 6 . 

More preferred are the polyf unctional compounds having 
a diglycidylamino group. The number of the epoxy groups in 
the molecule must be at least two, preferably at least 3 
and more preferably at least 4. Neither polyf unctional 
compounds having, in the molecule thereof, a functional 
group which reacts with the active end of the polymer, 
thereby inactivating it, for example, an active-hydrogen- 
containing functional group such as hydroxyl, carboxyl or 
primary or secondary amino group; nor polyf unctional 
compounds having, in the molecule thereof, a functional 
group which eliminates an alcohol or amine, such as ether 
or amide are preferred. The polyf unctional compound may 
contain a functional group which is reactive with the 
active end of the polymer and is bonded thereto such as 
carbonyl or halogen. 

The polyf unctional compound having, in the molecule 
thereof, at least two epoxy groups is preferably reacted 
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with the active end of the polymer so that an amount of the 
epoxy group of the polyf unctional group to be reacted with 
the active end of the polymer exceeds 0.6 equivalent and a 
ratio of the molecule of the polyf unctional compound to the 
active end of the polymer to be reacted therewith is not 
greater than 10 times the mole. Below the above-described 
range, the modified component of the invention does not 
exceed 60 wt . % in the case of the active end of the polymer 
obtained by polymerization in the presence of a 
monof unctional initiator. Above the above-described range, 
on the other hand, the polyf unctional compound having an 
unreacted epoxy group increases, resulting in deterioration 
in the performance. 

By the reaction between the active end of the polymer 
and epoxy group, a hydroxyl group is introduced into the 
polymer chain. When the epoxy group of the polyf unctional 
group exceeds 0.6 equivalent but not greater than 1 
equivalent of the active end of the polymer, a large 
portion of the active end of the polymer reacts with the 
epoxy group of the polyf unctional compound and causes 
coupling reaction of plural molecules, resulting in the 
formation of a modified polymer molecule having plural 
hydroxyl groups. When the epoxy group of the 

polyf unctional group exceeds 1 equivalent of the active end 
of the polymer, formed are both the polymer molecule having 
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plural hydroxyl groups and a modified polymer molecule - 
which contains both a hydroxyl group produced by the 
reaction of the active end of the polymer with the epoxy 
group and an unreacted epoxy group in the polyf unctional 
compound molecule bonded to the polymer -. By the use of a 
polyf unctional compound having, in the molecule thereof, at 
least two epoxy groups and at least one nitrogen-containing 
group, a nitrogen-containing group together with a hydroxyl 
group formed by the reaction of the active end of the 
polymer with the epoxy group is introduced. 

A specific rubbery polymer to be used in the invention 
must contain the component, which has been modified by the 
polyf unctional compound, in an amount exceeding 60 wt . % 
based on the whole polymer. Preferred is 70 wt . % or 
greater. The greater the content of the modified 
component, the better the effects of silica as a filler. 
The content of the modified component can be measured by 
chromatography permitting separation of the component into 
modified one and unmodified one. This chromatography is 
effected, for example, by using a GPC column which adopts, 
as a filler, a polar substance such as silica for adsorbing 
thereto the modified component and determining the amount 
of the component by using a non-adsorptive component as an 
internal standard; or by measuring the GPCs of the polymer 
before and after modification and calculating the amount of 
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the modified portion based on a change in its shape or 
molecular weight. 

The molecular weight distribution Mw/Mn of the rubbery 
polymer as the component (A-l) to be used in the present 
invention ranges from 1.05 to 3.0. The molecular weight 
distribution can be measured using GPC based on the 
molecular weight of standard polystyrene. Molecular weight 
distribution less than 1.05 deteriorates processability and 
at the same time, does not permit easy industrial 
production. At a molecular weight distribution exceeding 
3.0, on the other hand, the rubber composition available 
from the resulting rubbery polymer has deteriorated 
mechanical strength. 

The polymer having a molecular weight distribution of 
2.2 or greater has advantages in excellent processability 
upon kneading, not a large torque upon processing and short 
kneading time. When the polymer has a molecular weight 
distribution less than 2.2, on the other hand, 
processability is usually inferior. Particularly when 
silica is incorporated, the torque upon processing becomes 
large. In such a case, a large amount of carbon black was 
conventionally used in combination. In the invention, 
affinity with silica is heightened so that even if the 
amount of carbon black is small, the processability is 
excellent; the rubber composition thus obtained is well 
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balanced between low rolling resistance and wet skid 
resistance; and strength properties are improved. 

The rubbery polymer to be used in the invention as the 
component (A-l) must have a weight-average molecular weight 
of 100,000 to 2,000,000. The weight-average molecular 
weight is measured by GPC based on the molecular weight of 
standard polystyrene. Weight-average molecular weights 
less than 100,000 deteriorate the strength and wear 
resistance of the resulting rubber composition, while those 
exceeding 2,000,000 lower the processability markedly, 
making it difficult to obtain a rubbery composition. 

The Mooney viscosity (MV-M) of the rubbery polymer to 
be used in the invention as the component (A-l) preferably 
ranges from 20 to 200. This Mooney viscosity is Mooney 
viscosity ((ML1+4 (100°O) as measured at 100°C by using a 
Mooney viscometer specified as standards. When the Mooney 
viscosity ( (ML1+4 (100°C)) exceeds approximately 150 and 
cannot be measured easily at 100 °C, the viscosity measured, 
for example, at 130°C is converted to that at 100°C. 
Mooney viscosities (MV-M) less than 20 lower the strength 
and wear resistance of the resulting rubber composition. 
Those exceeding 200, on the other hand, cause a marked 
deterioration in the processing performance, making it 
difficult to produce a rubber composition. Mooney 
viscosities (MV-M) within 25 to 180 are more preferred. 
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The rubbery polymer to be used as the component (A-l) 
of the invention can be provided for practical use as an 
oil extended rubber produced, for facilitating its 
processing, by adding 20 to 60 parts by weight of the 
ordinarily-employed rubber extending oil based on 100 parts 
by weight of a rubber. 

The rubbery polymer to be used as the component (A-l) 
of the invention preferably has a glass transition point 
ranging from -100 to 0°C so that the rubber composition 
obtained as a final product will exhibit rubber elasticity. 
That ranging from -95 to -10°C is more preferred. The 
range of the glass transition point of the rubbery polymer 
to be used in the invention is selected depending on the 
using purpose of the rubber composition. For example, when 
low-temperature performances are important, a rubbery 
polymer having a glass transition point within a low 
temperature range is subjectively selected. When damping 
capacity is required, a rubbery polymer having a glass 
transition point within a high temperature range is 
subjectively selected. The glass transition point can be 
controlled by the composition of a conjugated diene and 
styrene constituting the rubbery polymer or by the ratio of 
the micro-structure (ratio of 1,4-bond to 1,2- and 3,4- 
bonds) in the polymer chain when the conjugated diene is 
butadiene or isoprene. When the rubbery polymer of the 
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invention is polybutadiene, the 1,2-bond content of the 
microstructure of butadiene is preferably 10 to 80%. When 
the rubbery polymer of the invention is a styrene-butadiene 
random copolymer, on the other hand, it is preferred that 
the styrene content is 5 to 4 5% and the 1,2-bond content of 
the micro-bond of a butadiene portion is 10 to 70%. 

As the rubbery polymer to be used as the component ( A- 
1) of the invention, one or more rubbery polymers may be 
used. When polybutadiene and a styrene-butadiene copolymer 
are used in combination, the latter may be a combination of 
styrene-butadiene copolymer rubbers different in molecular 
weight -molecular weight distribution or a combination of 
those different in a glass transition point. 

When as a preferred mode of the invention, 10 to 90 
parts by weight of a styrene-butadiene copolymer rubber 
containing a modified component in an amount of 70 wt . % or 
greater, and having a glass transition point ranging 
from -80 to -20°C, a molecular weight distribution of 1.05 
or greater but less than 2.2, and a Mooney viscosity (ML1+4 
(100°C)) of 20 or greater but less than 100; and 90 to 10 
parts by weight of a styrene-butadiene copolymer rubber 
containing a modified component of 70 wt . % or greater, and 
having a glass transition point ranging from -50 to -20°C, 
a molecular weight distribution ranging from 2.2 to 3.0 and 
a Mooney viscosity (ML1+4 (100°C)) ranging from 100 to 200 
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are used as the component (A-l), the resulting rubber 
composition is excellent in any one of processability , 
strength properties, and a balance between low rolling 
resistance and wet skid resistance. 

As the component (B) , rubber extending oils which 
contain only a small amount of a polynuclear aromatic 
component such as MES, T-DAE or T-RAE and therefore are not 
harmful for environment are usable as well as the 
conventionally used aromatic, naphthene and paraffin ones. 
In the invention, the rubber extending oil is used in an 
amount of 1 to 100 parts by weight based on 100 parts by 
weight of the raw material rubber. The amount of the 
rubber extending oil varies depending on the amounts of a 
reinforcing silica filler and reinforcing carbon black 
which will be described later and it is used to adjust the 
elastic modulus of the vulcanized mixture. Amounts of the 
rubber extending oil exceeding 100 parts by weight 
deteriorate the hysterisis loss performance and wear 
resistance of the resulting rubber composition and are 
therefore not preferred. Amounts of the rubber extending 
oil ranging from 5 to 60 parts by weight are preferred. 

With regards to the component (C) of the present 
invention, any one of wet-process silica, dry-process 
silica and synthetic silicate type silica is usable as the 
reinforcing silica. Silica having a small particle size 



- 26 - 




has high reinforcing effects and grip performance improving 
effects. Small-particle-size and high aggregation type 
silica is preferred. The reinforcing silica of the present 
invention is used as a reinf orcing-ef f ect-equipped silica 
in an amount of 25 to 100 parts by weight based on 100 
parts by weight of the raw material rubber. Amounts less 
than 25 parts by weight deteriorate physical performances 
including strength, while those exceeding 100 parts by 
weight lower the rubber performances, for example, cause an 
excessive increase of hardness or even a deterioration of 
strength. An amount of the reinforcing silica as component 
(C) is preferably 30 to 90 parts by weight. 

The vulcanizing agent and vulcanizing accelerator as 
the component (D) of the present invention is used in an 
amount ranging from 1 to 20 parts by weight based on 100 
parts by weight of the rubbery polymer. The typical 
vulcanizing agent is sulfur. Sulfur-containing compounds 
and peroxides may also be used. As the vulcanizing 
accelerator, sulfenamide, guanidine or thiuram one may be 
used in a necessary amount . 

To the rubbery polymer composition of the present 
invention, an organosilane coupling agent can be added as 
the component (E) . For heightening the coupling action 
(mutual bonding action) of the reinforcing silica filler 
with the raw material rubber, this organosilane coupling 
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agent is preferably added in an amount of 0.1 to 20 wt . % 
based on the amount of the reinforcing silica as the 
component (C) . Amounts of the organosilane coupling agent 
exceeding 20 parts by weight impair reinforcing properties. 
The amount of the organosilane coupling agent preferably 
ranges from 0.1 wt . % or greater to less than 6 wt . % based 
on the amount of the reinforcing silica filler. 

The organosilane coupling agent has a double bond of 
the polymer in its molecule and groups having affinity or 
coupling tendency on the surface of silica. Examples 
include bis- [3- (triethoxysilyl ) -propyl] -tetrasulf ide, bis- 
[3- (triethoxysilyl) -propyl] -disulfide, bis- [2- 
(triethoxysilyl) -ethyl] -tetrasulf ide, 3-mercaptopropyl- 
trimethoxysilane, 3-triethoxysilylpropyl-N , N- 
dimethylthiocarbamoyltetrasulf ide and 3- 

triethoxysilylpropylbenzothiazole tetrasulf ide . In this 
invention, the rubbery polymer having a specific modified 
component has a high bonding performance with the 
reinforcing silica so that a high-performance rubber 
composition is available even by not using an organosilane 
coupling agent or using it in a smaller amount compared 
with the case wherein another polymer is used. 

In the rubber composition of the invention, 
reinforcing carbon black can be used as the component (F) 
in an amount within an extent not impairing the performance 
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of the reinforcing silica. Any one of carbon blacks such 
as FT, SRF, FEF, HAF, ISAF and SAF is usable as the 
reinforcing carbon black. Carbon black having a nitrogen 
adsorption specific surface area of 50 mg/g or greater and 
an DBP oil absorption amount of 80 ml/100 g is preferred. 
The reinforcing carbon black is added in an amount of 0.1 
to 100 parts by weight based on 100 parts by weight of the 
raw material rubber and total amount of the reinforcing 
silica (component (C) ) and carbon black (component (F)) is 
preferably 30 to 150 parts by weight. Outside the above- 
described range, performances of a rubber satisfying the 
object of the present invention are not attained. The 
amount of carbon black (component (F) ) ranging from 0.1 
part by weight or greater to less than 25 parts by weight 
is more preferred. Amounts within such a range further 
improve the balance of the resulting rubber composition 
between low rolling resistance and wet skid resistance. 

As the raw material rubber in the present invention, 
only the component (A-l) can be used, or alternatively, 
that comprising 15 to 99 wt . % of the component (A-l) and, 
as a component (A-2) , 1 to 85 wt . % of a vulcanizable rubber 
polymer other than the component (A-l) can be used. Since 
the rubbery polymer as the component (A-l) has large 
performance improving effects, addition of it makes it 
possible to produce, even in a small content in the raw 
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material rubber, a vulcanized rubber composition having an 
improved performance. As the component (A-2), at least one 
selected from synthetic rubbers and natural rubbers is used 
as needed. Specific examples of the component (A-2) 
include butadiene rubber, styrene-butadiene rubber, 
styrene-isoprene-butadiene rubber and synthetic 
polyisoprene rubber, which are other than the component (A- 
1), and butyl rubber and natural rubbers. At least one 
selected from them is used. Examples of the butadiene 
rubber as component (A-2), other than the component (A-l), 
include high-cis butadiene rubber available using any one 
of cobalt, nickel, neodymium and uranium catalysts, low-cis 
butadiene rubber available using a lithium catalyst and 
medium -high-vinyl butadiene rubber; those of the styrene- 
butadiene rubber other than the component (A-l) include 
emulsion-polymerized styrene-butadiene rubber having a 
styrene content of 3 to 50 wt . % and solution-polymerized 
styrene-butadiene rubber having a styrene content of 3 to 
50 wt.% and a 1,2-bond content, at the butadiene moiety, of 
10 to 80%; those of the styrene-isoprene-butadiene rubber 
other than the component (A-l) include styrene-isoprene- 
butadiene rubber having a styrene content of 3 to 40 wt.% 
and an isoprene content of 3 to 40 wt.%; and those of the 
synthetic polyisoprene rubber other than the component (A- 
1) include synthetic polyisoprene rubber having a cis-1,4- 
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bond content of 90% or greater. After optimization of the 
physical properties and processability of this component 
according to the using purpose of the rubber composition, 
it is added. Particularly preferred as the component (A-2) 
is the solution-polymerized styrene-butadiene rubber, which 
brings about excellent balance between low rolling 
resistance and wet skid resistance, thereby satisfying the 
object of the invention. 

In a preferred mode of the invention, use of, as the 
component (A-l) , a specific polymer containing a modified 
component in an amount of 7 0 wt . % or greater and having a 
glass transition point ranging from -80 to -20°C, and, as 
the component (A-2), a solution-polymerized styrene- 
butadiene copolymer rubber having a glass transition point 
ranging from -50 to -20°C and a Mooney viscosity (ML1+4 
(100°C)) of 100 or greater is desired. 

Another preferred example of a solution-polymerized 
styrene-butadiene copolymer rubber is that having a Mooney 
viscosity (ML1+4 (100°O) ranging from 150 or greater and a 
molecular weight distribution (Mw/Mn) ranging from 1 . 4 to 
2.2. By using it in combination with the specific rubbery 
polymer as the component (A-l) of the present invention, a 
rubber composition having good strength properties and an 
excellent balance between low rolling resistance and wet 
skid resistance can be produced. 
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As the component (A-2) , an emulsion-polymerized 
styrene-butadiene copolymer rubber having a styrene content 
of 30 to 50 wt.% and a Mooney viscosity (ML1+4 (100°C) ) 
ranging from 100 or greater is also usable. 

In the present invention, another additive such as 
zinc white, stearic acid, vulcanizing assistant, 
antioxidant and/or processing aid is added as needed in an 
amount satisfying the object of the present invention, for 
example, 0.1 to 20 parts by weight. 

In the present invention, a diene polymer rubber 
vulcanizate is provided by kneading, at least once, the 
component (A-l) , or the components (A-l), (A-2), (B) and 
(C), and optionally the component (E) , the component (F) 
and another additive in a known enclosed mixer such as 
internal mixer under the conditions permitting the kneading 
and discharging temperature of 135 to 180°C, thereby 
controlling the bound rubber content after mixing (a ratio 
of the raw material rubber component bonded to the 
reinforcing filler) to 30 to 70 wt.%; adding a vulcanizing 
agent and a vulcanizing accelerator as the component (D) ; 
and kneading them in a known mixer such as internal mixer 
or mixing roll to control the kneading and discharging 
temperature to 120°C or less, thereby vulcanizing. At the 
kneading and discharging temperature outside the above- 
described range, a diene polymer rubber vulcanizate 
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excellent in the balance between low rolling resistance and 
wet skid resistance and having improved strength properties 
is not available and therefore the object of the invention 
cannot be satisfied. The bound rubber content is required 
to be 30 to 7 0 wt.%. At a bound rubber content less than 
30 wt.%, a diene polymer rubber vulcanizate excellent in 
the balance between low rolling resistance and wet skid 
resistance and having improved strength properties is not 
available and therefore, the object of the present 
invention cannot be satisfied. Bound rubber contents 
exceeding 70 wt.%, on the other hand, increase the torque 
upon kneading, thereby making it difficult to conduct 
processing. The bound rubber content ranging from 40 to 70 

wt.% is preferred. 

In the present invention, it is more preferred to 
carry out vulcanization by adding an organosilane coupling 
agent, as the component (E) , in an amount of 0.1 wt.% or 
greater but less than 6 wt . % based on the amount of the 
reinforcing silica, kneading the mixture at least once 
under the conditions permitting the kneading and 
discharging temperature of 135 to 180°C, thereby 
controlling the bound rubber content after mixing (a ratio 
of the raw material rubber component bonded to the 
reinforcing filler) to 30 to 70 wt.%, adding a vulcanizing 
agent and vulcanizing accelerator as the component (D), and 
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kneading the mixture to give the kneading and discharging 
temperature of 120°C or less. 

Moreover, it is preferred to conduct vulcanization by 
kneading, depending on the heating loss (Mo) of the 
reinforcing silica as the component (C) , the components at 
least once under the conditions permitting the following 
kneading and discharging temperature (Td) : 

1) 135 < Td < 180°C when 1% < Mo <4% 

2) (15 x Mo + 75) °C < Td < 180°C when 4% < Mo <6%, and 

3) 165°C < Td < 180°C when 6% < Mo < 10%, thereby 
controlling the bound rubber content after kneading (a 
ratio of the raw material rubber component bonded to the 
reinforcing filler) to 30 to 70 wt.%, adding a vulcanizing 
agent and a vulcanizing accelerator as the component (D) , 
and kneading the mixture to give the kneading and 
discharging temperature of 120°C or less. The diene 
polymer rubber vulcanizate available in this manner is 
excellent in the balance of low rolling resistance and wet 
skid resistance and improved in strength properties. 

The performance of the vulcanized rubber composition 
available as a final product differs depending on the water 
content (measured as a heating loss (Mo) at 105°C after 8 
hours) of the reinforcing silica due to the difference in 
its production process. In the present invention, it is 
preferred to adjust the kneading temperature of the 
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components, depending on the heating loss of the 
reinforcing silica. Silicas different in heating loss are 
available by drying commercially-available silica, whose 
heating loss is approximately 6 to 8%, at a temperature 
range of 100 to 120°C under normal pressure. For example, 
silica having a heating loss of 1 to 4 wt.% can be obtained 
by drying commercially-available silica at 105°C under 
normal pressure for approximately 1 to 8 hours. 

The optimum temperature varies depending on the 
heating loss of silica, because heating loss of reinforcing 
silica, that is, water adsorbed to the reinforcing silica 
becomes an inhibitory factor against the reaction between 
the reinforcing silica and modified polymer. When silica 
having a higher heating loss is used, rubber is not bonded 
to silica sufficiently at the kneading and discharging 
temperature lower than the lower limit of the range, while 
scorch of the composition and crosslinking reaction happen 
at the kneading and discharging temperature higher than the 
upper limit of the range. The temperature outside the 
range is therefore not preferred. Such adjustment of the 
kneading and discharging temperature makes it possible to 
bring about effects for improving the productivity on the 

industrial scale. 

In the present invention, a diene polymer rubber 
vulcanizate available by vulcanizing in a conventional 
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manner, for example, at 120 to 200°C, preferably 140 to 
180 °C exhibits its performance as it is. 

The rubbery polymer according to the invention is 
suitably used, in the form of a diene polymer rubber 
vulcanizate, for tire tread mixtures typified by high- 
performance tires and all-season tires, but it is also 
applied to another tire, rubber vibration isolator, belt, 
industrial good, footwear and the like. 

The present invention will hereinafter be described in 
detail by examples and comparative examples. It should 
however be borne in mind that the present invention is not 
limited to or by them. 



Reference Example 1 
Manufacturing process of SBR - 1: 

A thermostatic autoclave having an internal volume of 
10 liter and equipped with a stirrer and a jacket was used 
as a reactor. In the reactor, 645 g of impurity- removed 
butadiene, 280 g of styrene, 5500 g of cyclohexane and 0.70 
g of 2, 2-bis (2-oxolanyl) propane as a polar substance were 
charged and the internal temperature of the reactor was 
adjusted to 30°C. A cyclohexane solution containing 0.85 g 
of n-butyl lithium was fed as a polymerization initiator to 
the reactor. After initiation of the reaction, the 
internal temperature of the reactor gradually increased by 
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the heat generated upon polymerization. For 5 minutes from 
7 minutes to 12 minutes after the addition of the 
polymerization initiator, 75 g of butadiene was fed at a 
rate of 15 g/min. The final internal temperature in the 
reactor reached 75°C. After completion of the 
polymerization reaction, a portion of the polymer solution 
was sampled. The Mooney viscosity of the pre-modified 
polymer as measured after the removal of the solvent at 
100°C was 7. As a modifier, 1.2 g of tetraglycidyl-1 , 3- 
bisaminomethylcyclohexane was added to the reactor and 
modification reaction was conducted while maintaining the 
temperature at 75°C for 5 minutes. After addition of an 
antioxidant to this polymer solution, the solvent was 
removed, whereby a styrene-butadiene copolymer (Sample A) 
having a modified component was obtained. The modified 
polymer had a Mooney viscosity of 65 as measured at 100°C. 

Analysis of the sample A resulted in 28% of a bond 
styrene content and 72% of a bonded butadiene content. It 
was also found that the 1,2-bond content of the 
microstructure of the butadiene moiety as measured in 
accordance with Hampton's method from the measuring results 
using an infrared spectrophotometer was 52%, and the 
weight-average molecular weight (Mw) , number-average 
molecular weight (Mn) and molecular weight distribution 
(Mw/Mn) were 563000, 423000 and 1.33, respectively in terms 
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of polystyrene as measured by GPC; and a modifying ratio as 
determined from GPC using a silica adsorption column was 
83%. 

In addition, styrene-butadiene copolymer rubbers were 
prepared as Samples B to P and Samples BA to BE in a 
similar manner to Sample A except for a change of the 
bonded styrene content, 1,2-bond content of a butadiene 
moiety, Mooney viscosity, glass transition point, molecular 
weight distribution, modification ratio or modifying agent. 

The samples 0 and P having a high molecular weight 
were prepared as a product extended with 37.5 parts by 
weight of an aromatic oil. Among those samples, Samples A, 
B, C, H, J, K, L, M, N, 0, BA, BB, BC and BD are polymers 
specified as the component (A-l) of the composition of the 
invention, while Samples D, E, F, G, P and BE are prepared 
for comparison and are polymers outside the range specified 
as the component (A-l) of the composition of the invention. 

Referential Example 2 
Manufacturing process of SBR - 2: 

Two autoclaves each having an internal volume of 10 
liters, having an inlet at the bottom and an outlet at the 
top and being equipped with a stirrer and a jacket were 
connected in series as reactors. After mixing 16.38 g/min 
of butadiene, 8.82 g/min of styrene and 132.3 g/min of n- 
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hexane, the resulting mixture solution was allowed to pass 
through a dehydration column filled with active alumina. 
Impurities were removed by mixing n-butyl lithium at a rate 
of 0.0046 g/min in a static mixer. The residue was then 
continuous fed from the bottom of the first reactor through 
a constant delivery pump. The reactor was fed directly 
with 2, 2-bis (2-oxolanyl) propane at a rate of 0.028 g/min as 
a polar substance and n-butyl lithium at a rate of 0.07 0 
g/min as a polymerization initiator. The internal 
temperature of the reactor was maintained at 86°C. From 
the top portion of the reactor, the polymer solution was 
continuously taken out and fed to the second reactor. It 
was found that after the first reactor became stable, the 
resulting pre-modified polymer had a Mooney viscosity of 55 
as measured at 100°C. At the temperature of the second 
reactor maintained at 80°C, 0.009 g/min (equivalent ratio 
relative to active lithium =0.9) of tetraglycidyl-1 , 3- 
bisaminomethylcyclohexane was added from the bottom of the 
reactor to effect modification reaction. An antioxidant 
was continuously added to this polymer solution and 
modification reaction was terminated. By the removal of 
the solvent, the target styrene-butadiene copolymer having 
a modified component was obtained. It was found that this 
modified polymer had a Mooney viscosity of 165 as measured 
at 100°C. To 100 parts by weight of this polymer solution, 
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37.5 parts by weight of an aromatic oil ("X-140", trade 
name; product of Japan Energy Co., Ltd.) was added to yield 
an oil-extended oil (Sample Q) . 

As a result of analysis of the sample Q, the bonded 
styrene content was 35%; the bonded butadiene content was 
65%; the 1,2-bond content of the butadiene moiety as 
determined in accordance with the Hampton' s method by 
calculating the results measured by an infrared 
spectrophotometer was 35 mole%; the Mooney viscosity 
(ML1+4, 100°C) after oil extension was 65; and the glass 
transition point was -34 °C. According to the molecular 
weight distribution by GPC (detector: RI) with THF as a 
solvent, the weight-average molecular weight (Mw) , the 
number-average molecular weight (Mn) , and the molecular 
weight distribution (Mw/Mn) were 656000, 264000 and 24800, 
respectively, each in terms of polystyrene; and the GPC 
curve had a monomodal shape. The modification ratio as 
determined from GPC curve using a silica series adsorption 
column was found to be 65% . 

In a similar manner to the continuous polymerization 
method employed for preparing Sample Q except for a change 
of the amount of BuLi, the amount of the modifying agent 
and the kind of the modifying agent, Samples R to AC 
different in structure were obtained. 

A commercially-available styrene-butadiene rubber, 
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butadiene rubber and natural rubber as shown in Table 4 
were also employed as samples. 

The analysis values of these samples are shown in 
Tables 1 to 4. These samples were analyzed in accordance 
with the method as described below. 

1) Bonded styrene content 

The sample was dissolved in chloroform and the bonded 
styrene content (S (wt.%)) was measured from the absorption 
of styrene by a phenyl group at 254 nm. 

2) The microstructure of a butadiene moiety 

The sample was dissolved in carbon disulfide and the 
microstructure of the butadiene moiety was determined by 
measuring the infrared ray spectrum within a range of 600 
to 1000 cm-1 by using a solution cell, and calculating from 
a predetermined absorbance in accordance with the equation 
of the Hampton's method. 

3) Glass transition temperature 

It was measured at a heating rate of 10°C/min by using 
DSC. The on set point was designated as Tg. 

4) Mooney viscosity 

The viscosity four minutes after preheating at 100°C 
for 1 minute was measured in accordance with JIS K 6300. 

5) Molecular weight and molecular weight distribution 

The chromatogram was measured by GPC having three 
connected columns using a polystyrene gel as a filler. The 
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molecular weight and molecular weight distribution were 

calculated from the calibration curve based on standard 

polystyrene . 

6) Modification ratio 

By making use of the properties of the modified 
component to adsorb to a GPC column using silica gel as a 
filler, both chromatogram's of GPC of polystyrene gel 
("Shodex" of Showa Denko K.K.) and GPC of silica column 
TZorbax" of Dupont) were measured with regards to the test 
solution containing a sample and a low-molecular-weight 
internal standard polystyrene. The adsorption amount to 
the silica column was measured from their difference and 
modification ratio was determined. 

EXAMPLES 

Rubber mixtures were obtained using Samples shown in 
Tables 1 to 4 as raw material rubbers and kneading the 
blending formulations as shown in Table 5 by the below- 
described mixing method. 
Kneading method: 

In an enclosed kneader (internal volume: 1.7 liter) 
equipped with a thermostat using water circulated from the 
outside, a raw material rubber, filler (silica and carbon 
black), organosilane coupling agent, aromatic oil, zinc 
white and stearic acid were kneaded (the kneading procedure 
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will be shown in Table 6) as the first-stage kneading under 
the conditions of a filling rate of 65% and rotational 
number of the rotor of 66/77 rpm. Upon kneading, the 
temperature of the enclosed mixer was adjusted and rubber 
compositions different in discharge temperature were 
obtained. 

After cooling of the mixture thus obtained to room 
temperature, an antioxidant was added thereto and then, 
kneading was conducted again as the second-stage kneading 
to improve dispersion of silica. In this case, the 
discharge temperature was adjusted by the temperature of 
the mixer. 

After cooling, sulfur and a vulcanizing accelerator 
were kneaded as the third-stage kneading in an open roll 
set at 70°C. 

The resulting kneaded mass was molded and vulcanized 
under a vulcanizing press at 160 °C for a predetermined 
time. The below-described physical properties were 
measured as the performances of a tire. 
1) Bound rubber content: 

The composition (0.2 g) sampled after completion of 
the second-stage kneading was cut into square pieces of 
about 1 mm and placed in a Harris's basket (made of a 100- 
mesh metal mesh) . These pieces were weighed. After 
immersion in toluene for 24 hours, they were weighed again 
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From the amount of the component not dissolved in toluene, 
the amount of the rubber bound to the filler was calculated 
and designated as the bound rubber content. 
2) Mooney viscosity of the mixture: 

Viscosity four minutes after preheating for 1 minute 
at 130°C and 2 revolutions was measured in accordance with 
JIS K 6300 by a Mooney viscometer. The mixture having a 
Mooney viscosity largely exceeding 80 is inferior in 
processability. When the Mooney viscosity is not greater 
than 30, large adhesion prevents smooth processing. 

3) 300% Modulus and tensile strength: 

Measured in accordance with the tensile test method of 

JIS K 6251. 

4) Fuel-cost saving performance 

Tested in TanS at 50°C. Measured by ARES 
viscoelasticity tester of Rheometric Scientific at a 
frequency of 10 Hz, distortion of 3% and 50 °C in accordance 
with a torsion system. The smaller the numeral, the better 
the fuel-cost-saving performance. 

5) Wet skid resistance: 

Tested in TanS at 50°C. Measured by ARES 
viscoelasticity tester of Rheometric Scientific at a 
frequency of 10 Hz, distortion of 3% and 50°C in accordance 
with a torsion system. The greater the numeral, the better 
the wet skid resistance. 
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Examples 1-1 to 1-3 and Comparative Examples 1-1 to 1-4 

Vulcanized rubber compositions were prepare using, as 
a raw material rubber, Samples A, B and C having a modified 
component as specified by the invention, Sample D which has 
the modified component as specified by the invention but in 
an amount outside the range of the invention, Samples E and 
F having a modified component other than that specified by 
the invention, and unmodified Sample G, each in accordance 
with the silica-containing formulation (Formulation S-l) as 
specified by the invention. Their performances were 
evaluated. As the silica, that having a water adsorption 
amount Mo (heating loss content: drying under normal 
pressure at 105°C for 8 hours) of 5.4% was employed. The 
measurement results are shown in Table 7 . 

As is apparent from Table 7, the vulcanized rubber 
compositions of Examples 1-1 to 1-3 using the rubbery 
polymer within the range as specified by the invention are 
superior in fuel-cost-saving performance and wet skid 
resistance to the compositions of Comparative Examples 1-1 
to 1-4 in the same silica-containing formulation. 

Examples 2-1 and Comparative Examples 2-1 to 2-4. 

Vulcanized rubber compositions were prepared, in 
different formulations as shown in Table 8, by using Sample 
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A which was a specific styrene-butadiene rubber of the 
invention, Sample D for which a modifying agent as 
specified by the invention was used at a modifying amount 
outside the range of the invention, Sample RB which was a 
commercially-available emulsion-polymerized SBR and Sample 
RC which was a commercially-available solution-polymerized 
SBR. The performances of them were measured and their 
results are shown in Table 8. As the silica, that having a 
water adsorption amount Mo of 5.4% was used. 

As is apparent from the results of Table 8, the 
silica-containing composition according to the invention 
exhibited good fuel-cost-saving performance compared with 
the composition of Comparative Example 2-1 in which carbon 
black, was incorporated (Composition S-ll). The composition 
of Example 2-1 was markedly superior in fuel-cost-saving 
performance to the carbon-black-containing composition of 
Comparative Example 2-3 using emulsion polymerized SBR 
(RB) ; and was improved much in wet skid resistance and also 
in fuel-cost-saving performance compared with the carbon- 
black-containing composition of Comparative Example 2-4 
using Sample RC, that is, the commercially-available 
solution-polymerized SBR. 

Examples 3-1 to 3-4 

Vulcanized rubber compositions were prepared in a 
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similar manner to Example 1 by using Samples H, J and K 
which had a styrene-butadiene rubber structure within the 
range specified by the invention. As the silica, that 
having a water adsorption amount Mo of 5.4% was employed. 
The evaluation results of the performances of these 
compositions are shown in Table 9. 

As is apparent from the results of Table 9, the 
vulcanized rubber compositions of Examples 3-1 to 3-4 using 
the samples within the range of the invention showed good 
processability, tensile strength, and balance between 
fuel-cost-saving performance and wet skid resistance. 

Examples 4-1 to 4-2 and Comparative Examples 4-1 to 4-2 

Vulcanized rubber compositions rich in a filler were 
obtained in a similar manner to Example 1 by using Samples 
0 and Q which had a styrene-butadiene rubber structure 
within the range specified by the invention. As the 
silica, that having a water adsorption amount Mo of 5.4% 
was employed. For comparison, a vulcanized rubber 
composition was prepared using solution-polymerized 
styrene-butadiene Sample P which was outside the range of 
the invention. Evaluation results of the performances of 
these compositions are shown in Table 10. 

As is apparent from the results of Table 10, the 
vulcanized rubber compositions of Examples 4-1 and 4-2 
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using the samples which were within the range of the 
invention exhibit good processability and good balance 
between fuel-cost-saving performance and wet skid 
resistance. The composition using Sample P which was 
outside the range of the invention has a high viscosity and 
is therefore inferior in processability. 

Examples 5-1 to 5-3 and Comparative Examples 5-1 to 5-2 

Vulcanized rubber compositions were prepared in 
accordance with Blending formulation S-2 as shown in Table 
5 by using Sample A which was a specific styrene-butadiene 
rubber of the invention and Sample RF which was a 
commercially-available styrene-butadiene rubber obtained by 
solution polymerization. As the silica, that having a 
water adsorption amount Mo of 5.4% was employed. 
Evaluation results of their performances are shown in Table 

11 . 

As is shown in Table 11, the samples within the range 
of the invention exhibit good fuel-cost-saving performance, 
but those outside the range of the invention bring about 
small effects. 

Examples 6-1 to 6-16 and Comparative Examples 6-1 to 6-6 
Vulcanized rubber compositions as shown in Table 12 
were prepared using Samples A, H, 0 and L which were 
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styrene-butadiene rubbers within the range of the present 
invention, a butadiene rubber (Sample RD) , emulsion- 
polymerized styrene-butadiene rubbers (Samples RA and RB) 
and Samples D, P, R and S which were solution-polymerized 
SBRs outside the range specified as Component (A-l) of the 
present invention. As the silica, that having a water 
adsorption amount Mo of 5.4% was employed. Evaluation 
results of their performances are shown in Table 12. 

Even if rubber compositions obtained using the sample 
within the range of the invention are blended with a 
styrene-butadiene rubber or butadiene rubber, the mixtures 
exhibit good fuel-cost saving performance and wet skid 
resistance while maintaining processability , compared with 
the vulcanized rubber compositions of Comparative Examples 
which are outside the range of the invention. 

Examples 7-1 to 7-2 and Comparative Example 7-1 

In Examples 7-1 and 7-2, blend compositions as shown 
in Table 13 were prepared by using Samples N and M, that 
is, styrene-butadiene rubbers within the range specified by 
the invention and a natural rubber. Their performances 
were compared with the composition of Comparative Example 
7-1 composed solely of a natural rubber. As the silica, 
that having a water adsorption amount Mo of 5.4% was 
employed . 
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As shown in Table 13, the fuel-cost saving performance 
of the natural rubber was improved by the addition of the 
polymer of the present invention. 

Examples 8-1 and Comparative Examples 8-1 to 8-4 

In accordance with the silica-containing formulation 
(Formulation S-2) as specified by the invention or 
ordinarily-employed carbon-black formulation (Formulation 
R-12), vulcanized rubber compositions were prepared using, 
as the raw material rubber, Sample Q having a modified 
component as specified by the invention, Sample T using a 
modifying agent outside the range of the invention, Sample 
X using a modifying agent as specified by the invention but 
having a modified component outside the range of the 
invention, and Sample RH which was a standard emulsion- 
polymerized styrene-butadiene rubber; and their 
performances were evaluated. As the silica, that having a 
water adsorption amount Mo of 5.4% was employed. Results 
are shown in Table 14. 

As is apparent from Table 14, the composition of 
Example 8-1 is superior in fuel-cost-saving performance and 
wet skid resistance to Comparative Example 8-2 (Sample T) 
and Comparative Example 8-3 (Sample X), each in accordance 
with the silica-containing formulation. It is markedly 
superior in fuel-cost-saving performance to the carbon- 
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black formulation (Comparative Example 8-1) and also 
exhibits excellent fuel-cost-saving performance and wet 
skid resistance compared with the vulcanized rubber 
composition of Comparative Example 8-4 using emulsion- 
polymerized SBR. 

Examples 9-1 to 9-3 and Comparative Examples 9-1 to 9-2 
Vulcanized rubber compositions were prepared using 
Sample A, the styrene-butadiene rubber as specified in the 
invention, in accordance with the blending formulations 
different in the silica amount or carbon black amount as 
shown in Table 5. Measurement results of their 
performances are shown in Table 15. As the silica, that 
having a water adsorption amount Mo of 5.4% was employed. 

As is apparent from the results of Table 15, the 
composition using Sample A while keeping the content of 
silica within the range of the invention exhibits excellent 
fuel-cost-saving performance compared with the comparative 
composition rich in carbon black. 

Examples 10-1 to 10-2 and Comparative Examples 10-1 

Vulcanized rubber compositions were prepared using 
Samples U, V and Z which had a styrene-butadiene rubber 
structure within the range of the invention in accordance 
with Blending Formulation S-2 as shown in Table 5. For 
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comparison, a vulcanized rubber composition was prepared 
using Sample W which was a styrene-butadiene rubber outside 
the range of the invention. As the silica, that having a 
water adsorption amount of 5.4% was employed. Evaluation 
results of their performances are shown in Table 16. 

As is apparent from the results of Table 16, the 
vulcanized rubber compositions using the samples within the 
range of the invention exhibit superior tensile strength, 
fuel-cost-saving performance and wet skid resistance, while 
the vulcanized rubber composition outside the range of the 
invention is inferior in fuel-cost-saving performance. 

Examples 11-1 to 11-5 and Comparative Example 11-1 

Vulcanized rubber compositions as shown in Table 17 
were prepared using Samples U and V which were styrene- 
butadiene rubbers within the range of the invention, a 
butadiene rubber (Sample RD) , an emulsion-polymerized 
styrene-butadiene rubber (Sample RA) and natural rubber 
(Sample RE). As the silica, that having a water adsorption 
amount of 5.4% was employed. Evaluation results of their 
performances are shown in Table 17 . 

The composition using Sample U or Sample V which was 
within the range of the invention exhibited superior 
balance between fuel-cost-saving performance and wet skid 
resistance to the emulsion-polymerized styrene-butadiene 
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rubber composition (Comparative Example 11-1) even if used 
as a mixture with a styrene-butadiene rubber. 

Examples 12-1 to 12-6 and Comparative Examples 12-1 to 12-3 

Vulcanized rubber compositions as shown in Table 18 
were prepared using Sample Q which was a styrene-butadiene 
rubber within the range specified by the invention, 
commercially available emulsion-polymerized styrene- 
butadiene rubbers (Samples RA and RH) , and commercially 
available solution polymerized styrene-butadiene rubbers 
(Samples RC, RF and RG) . As the silica, that having a 
water adsorption amount of 5.4% was employed. Evaluation 
results of their performances are shown in Table 18. Even 
if blended with such a rubber, the compositions (Examples 
12-1 to 12-6) using Sample Q which was within the range of 
the invention exhibit superior fuel-cost-saving performance 
and wet skid resistance to the compositions (Comparative 
Examples 12-1 to 12-3) outside the range of the invention. 

Examples 13-1 to 13-8 

Compositions of Examples 13-1 to 13-8 which were 
within the range specified by the invention were prepared 
using Sample J which was within the range of the present 
invention as the raw material rubber, using silicas 
different in heating loss as shown in Table 19, preparing 
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silica-containing compositions by adjusting the first-stage 
discharging temperature and the second-stage discharging 
temperature as shown in Table 19, adding a vulcanizing 
agent and the like at the third-stage temperature of 70°C, 
forming the mixture into a predetermined sample shape and 
press vulcanizing it at 160 °C for 30 minutes. The 
evaluation results of their performances are shown in Table 
19. 

As is apparent from Table 19, the vulcanized rubber 
compositions of Examples 13-1 to 13-7 prepared under 
conditions within the range of the present invention each 
has a large bound rubber content and exhibits good fuel- 
cost-saving performance while maintaining high wet skid 
resistance . 

Examples 14-1 to 14-6 and Comparative Examples 14-1 to 14-3 
Compositions of Examples 14-1 to 14-5 within the range 
specified by the invention and Compositions of Comparative 
Examples 14-1 to 14-3 outside the range of the invention 
were prepared using, as a raw material rubber, Samples J 
and Q which were within the range of the invention, 
changing the amount of an organosilane coupling agent as 
shown in Tables 5 and 20, preparing silica-containing 
compositions by adjusting the first-stage discharging 
temperature and second-stage discharging temperature as 
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shown in Table 20, adding a vulcanizing agent and the like 
at the third-stage temperature of 70°C, molding the 
resulting mixture into a predetermined sample shape and 
press vulcanizing it at 160°C for 30 minutes. As the 
silica, that having a water adsorption amount Mo of 5.4% 
was employed. Evaluation results of their performances are 

shown in Table 20. 

As is apparent from Table 20, vulcanized rubber 
compositions obtained in Examples 14-1 to 14-6 by using the 
raw material rubber as specified by the invention and 
adding an organosilane coupling agent in an amount as 
specified by the invention have a high bound rubber 
content, and exhibit good polymer/silica dispersion, good 
processability and good fuel-cost-saving performance while 
maintaining high wet skid resistance. The compositions 
obtained in Comparative Examples 14-1 to 14-3 by using 
Sample F which was outside the range of the invention each 
has a small bound rubber content, and even a vulcanized 
composition is inferior in reinforcing effects because its 
300% modulus is low, and is moreover, inferior in both the 
fuel-cost-saving performance and wet skid resistance. 

Examples 15-1 to 15-6 and Comparative Examples 15-1 to 15-2 
Compositions of Examples 15-1 to 15-6 within the range 
of the present invention and those of Comparative Examples 
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15-1 to 15-2 outside the range of the present invention 
were prepared by using, as a raw material rubber, Samples 
BA, BB and BC which had been modified by tetraglycidyl-1, 3- 
bisaminomethylcyclohexane added in an amount exceeding 1 
equivalent per active lithium, Sample BD modified by a 
modifier used in an amount not greater than 1 equivalent 
per active lithium, and Sample BE for which silicon 
tetrachloride had been used as a coupling agent according 
to the blending formulation as shown in Table 5, adjusting 
the first-stage discharging temperature and second-stage 
discharging temperature as shown in Table 21, thereby 
preparing a silica-containing composition, adding a 
vulcanizing agent and the like at the third-stage 
temperature of 70°C, molding or forming the resulting 
mixture into a predetermined shape and press vulcanizing it 
at 160°C for 30 minutes. As the silica, that having a 
water adsorption amount Mo of 6.5% was employed. 
Evaluation results of their performances are shown in Table 

21. 

As is apparent from Table 21, vulcanized rubber 
compositions prepared in Examples 15-1 to 15-6 by adding a 
modifying agent in an amount within a specified range of 
the invention exhibit good fuel-cost-saving performance 
while showing high wet skid resistance. The compositions 
obtained in Comparative Examples 15-1 to 15-2 by using the 



- 56 - 




samples outside the range of the present invention but 
according to the same blending formulation are, on the 
other hand, inferior in both fuel-cost saving performance 
and wet skid resistance. 

Examples 16-1 to 16-6 and Comparative Examples 16-1 to 16-3 

Rubber compositions were prepared by using, as a raw 
material rubber, Samples AA to AC and BA, which had been 
extended by an aromatic oil and to which tetraglycidyl-1 , 3- 
bisaminomethylcyclohexane had been added as a modifier in 
an amount exceeding 1 equivalent per active lithium and 
Samples T and Y to be used for comparison, adjusting the 
first-stage discharging temperature and second-stage- 
discharging temperature as shown in Table 22, thereby 
preparing silica-containing compositions, adding a 
vulcanizing agent and the like at the third-stage 
temperature of 70°C, molding or forming the mixtures into a 
predetermined shape and then press vulcanizing them at 
160°C for 30 minutes. As the silica, that having a water 
adsorption amount Mo of 6.5% was employed. Measurement 
results of their performances are shown in Table 22. 

As is apparent from results of Table 22, the 
compositions of Examples 16-1 to 16-1 prepared using 
Samples AA, AB, AC and BA to which a modifying agent had 
been added in an amount within the range of the invention 
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exhibits good fuel-cost-saving performance, while 
maintaining high skid resistance. The composition using 
Sample T to which a modifying agent outside the range of 
the invention had been added and that using unmodified 
Sample Y are, on the other hand, inferior in fuel-cost- 
saving performance. 

Examples 17-1 to 17-5 

Rubber compositions were obtained by using, as a raw 
material rubber, Samples A, AA, BA and Q shown in Table 23, 
each within the range of the present invention, adjusting 
the first-stage discharging temperature and second-stage 
discharging temperature as shown in Table 23, thereby 
preparing silica-containing compositions, adding a 
vulcanizing agent and the like at the third-stage 
temperature of 80 °C, molding or forming the mixtures into a 
predetermined shape and press vulcanizing them at 160°C for 
30 minutes. As the silica, that having a water adsorption 
amount Mo of 5.4% was employed. Measurement results of 
their performances are shown in Table 23. 

As is apparent from the results of Table 23, the 
compositions of Examples 17-1 to 17-5 each obtained by 
mixing the sample within the range of the invention exhibit 
good fuel-cost-saving performance, while maintaining high 
wet skid performance. 
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Industrial Applicability 

Provided is a vulcanized rubber composition for tire 
tread having good strength properties, processability , 
fuel-cost-saving performance and gripping performance by 
using a styrene-butadiene rubber having a specific 
structure of the invention in accordance with a specific 
blending formulation containing a reinforcing silica 
filler. The invention makes it possible to reduce the 
amount of a silane coupling agent necessary for obtaining a 
silica-containing composition. This vulcanized rubber 
composition for tires is useful as an automobile tire 
material requiring fuel-cost-saving performance. 
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